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Abstract: As the next neutral structure following Hückels (4n+2)e- rule, a planar and aromatic 

[10]annulene is the ideal framework to study the link between ring size and aromaticity. However, the 

puckered geometry of the parent [10]annulene (1) suggests that the aromatic stabilization energy 

(ASE) is not sufficient to overcome the ring strain that exists when the system is forced into planarity.1 

It has been shown computationally that this ring strain can be alleviated through the addition of two 

or more cyclopropane rings to the periphery (5-6),2 thereby creating theoretically aromatic structures. 

An alternative strategy to eliminating the issue of ring strain was demonstrated experimentally with 

the successful preparation of the highly aromatic 1,6-didehydro[10]annulene (2).3 However, the 

system rapidly cyclizes at -40 °C to a naphthalene diradical due to the close proximity of the in-plane 

p-orbitals present in the system. Here we show that cyclopropanating one side of the unstable 

annulene (2) successfully prevents the destabilizing cross-ring interaction while maintaining a highly 

aromatic structure. Remarkably, the formed [10]annulene (7) is bench stable and can be stored for 

extended periods of time. 

 

 

Aromaticity is a fundamental concept that permeates many facets of chemistry.4 

Identifying (anti)aromatic motifs in various forms has helped explain the (in)stability of both 

transition state5 and ground state structures.6 Our working understanding and ability to predict 

its occurrence has also informed the preparation of materials.7 However, despite these advances, 

we still lack much in the way of a fundamental understanding. 

The traditional criteria for aromaticity proposed by Hückel require that a compound be 

cyclic, planar, conjugated, and contain (4n+2) electrons.8,9,10 Any compound that can satisfy 

these criteria is predicted by Hückel molecular orbital (HMO) theory to have some degree of 

aromatic stabilization energy.11 Besides the benzenoid archetypes, charged Hückel systems of 

various ring sizes have also been prepared to explore the effect of ring size on aromaticity.12 

Unfortunately, the systematic study of these charged species is often quite challenging when 

compared to neutral annulenes. The larger [18]annulene has been prepared and has been shown 

to be aromatic,13 though its low-frequency out-of-plane vibrations and flexibility in solution make 



it difficult to probe its aromaticity experimentally.14,15 There has also been a considerable amount 

of interest in very large aromatic systems with nanoscale structures, such as those prepared by 

Anderson et al.16 

 

 
Figure 1: a. The parent [10]annulene (1) has been found to be non-aromatic due to its 
non-planarity; b. The cyclization of 1,6-didehydro[10]annulene (2) to a biradical (3); c. The 
structure of 1,6-methano[10]annulene (4) and the unusual anisotropy of the induced 
current density (AICD) isosurface; d. The expansion of CCC bond angles upon 
cyclopropanation has been shown to generate theoretically planar [10]annulenes (5-6); 
e. Cyclopropanation of the thermodynamically stable 2 may afford a kinetically stable and 
planar annulene (7) that retains its aromaticity. 

 

As the next highest Hückel aromatic neutral hydrocarbon, a rigid and planar [10]annulene 

would provide a desirable framework to study the link between aromaticity and ring size. 

Because the parent [10]annulene (1) is non-aromatic1, 17,18  (Figure 1a) it must be constrained to 

force it to adopt a planar conformation that allows for electron delocalization. Myers and 

coworkers found success in this regard through the preparation of a 1,6-didehydro[10]annulene 

derivative (2), which has shown evidence of aromaticity.3 However, the -bonds orthogonal to 

the conjugated aromatic system readily interact across the ring, resulting in a rapid 

intramolecular cyclization above –40 oC (Figure 1b). The first reported alternant aromatic 

[10]annulene is the bridged 1,6-methano[10]annulene (4). It was prepared by Vogel in 196419 

and has recently shown potential as an organic material.7b The structure is stable and aromatic 

with a slight deviation from planarity (4, Figure 1c).  Despite this, it has been shown that the 



electronic structure of 4 more closely resembles a homonaphthalene due to cross-ring 

interactions.20,21  Additionally, the presence of trans double bonds as well as the unusual and 

non-homogenous magnetically induced current also suggests it is not an ideal material to study 

the aromaticity of expanded benzene-like planar [10]annulenes.22 

In an effort to identify potential planar [10]annulene frameworks for further study 

Schleyer et al. explored cyclopropanated derivatives (Figure 1d).2 It was shown computationally 

that cyclopropanated all-cis [10]annulenes (5 and 6) could adopt a planar structure due to the 

increased exo bond angles of cyclopropenes (Figure 1d, left).2 However, despite their significant 

predicted aromatic stabilization energy no preparation of a cyclopropanated [10]annulene has 

been reported to date. Consequently, no experimental information is available regarding their 

thermodynamic and kinetic stability. 

In order to definitively study the role of ring size on aromaticity we sought to identify a 

bench stable all-cis [10]annulene with a sigma framework more reminiscent of an expanded 

benzenoid. As the Myers annulene was found to be a thermodynamic minimum, it was believed 

that cyclopropanation of one of the in-plane −bonds of 2 (Figure 1e) would prevent the 

transannular orbital interaction, thereby creating a kinetically stable structure (7, Figure 1e). This 

would generate a structure reminiscent of those predicted by Schleyer and one that closely 

resembles an all-cis and planar [10]annulene. 

 
Figure 2: a. A strategy towards the preparation of 7 using a rapid end-stage 
aromatization procedure; b. The proposed mechanism for a benzocyclopropene 



synthesis involves an elimination-isomerization sequence (endo-to-exo cyclopropene). 
A final elimination-isomerization results in benzocyclopropene (see SI). 

 

The essential strategy employed involved constructing a suitably oxidized but strain-free 

10-membered ring that could be rapidly aromatized (Figure 2a, 11). A slow and stepwise 

introduction of strain was rejected in favour of the use of a late-stage rapid sequence of highly 

reliable strain inducing transformations, bypassing the need to carry unstable and non-aromatic 

intermediates through the synthesis. As kinetic stability of the final product was a concern, the 

possibility for a mild aromatization procedure had to be considered. A dichlorocyclopropane 

group was thought to be beneficial for this purpose as it would improve substrate versatility. 

Elimination of chloride would generate a transient cyclopropene that would isomerize to an 

exomethylene cyclopropane, irrespective of an aromatic or conjugative driving force (Figure 2b). 

This aromatization step was shown to work for the preparation of cyclopropabenzene (see SI).23 

 

 
Figure 3: Synthetic efforts towards the generation of the suitably functionalized 

cyclodecane precursor. 
 

The preparation of diene 19 closely followed literature procedures24 with some minor 

modifications.25 The synthesis began with the preparation of 14 via a Diels-Alder reaction 

between sulfolene (12) and maleic anhydride (13). The adduct (14) could easily be converted to 

16 via an ethanolysis and cyclopropanation. LiAlH4 reduction afforded diol 17, which was readily 

mesylated to provide 18. Elimination to the diene 19 proceeded with a high yield when it was 

first converted to the corresponding diiodide (S1, see SI). Exposing the diene 19 to 

tetrachlorocyclopropene (21) in THF for 3 days generated 22 as a 3:1 ratio of cis and trans 



diastereomers. A subsequent ozonolysis with a standard reductive quench afforded the 

corresponding diketone 23, which could be isolated on smaller scales. However, this diketone 

proved very sensitive and a transannular aldol product (24) was typically obtained when the 

reaction was scaled up, regardless of the quenching reagent and temperature. 

 

 
Figure 4: Final preparation of the aromatic [10]annulene 7. 

 

Fortunately, a sodium borohydride quench of the ozonolysis reaction mixture at -78 °C was 

found to generate diol 25 as a single diastereomer in 70% yield (Figure 4). Note that typically only 

cis-22 underwent ozonolysis and all attempts to induce an ozonolysis of trans-22 by prolonging 

the reaction time or increasing the temperature resulted in the formation of an intramolecular 

aldol product like 24. All attempts to dehydrate diol 25 by elimination of the corresponding 

dimesylate only afforded the mono-alkene and decomposition products (not shown). Hoping that 

the other diastereomer of the diol would yield more favourable results, it was decided to attempt 

a double Mitsunobu inversion. Unexpectedly and to our delight, the desired diene 26 was directly 

obtained in high yield. We speculate that the nucleophile could not approach the concave face 

of the rigid system, resulting in the more favourable elimination pathway instead. The conditions 

strongly favoured the symmetric diene 26, presumably due to the strong electron withdrawing 

nature of the adjacent tetrachlorocyclopropane moiety.26 Careful exposure of 26 to MeLi at 0 °C 

generated a dichlorocyclopropene (not shown) by a 1,2-didechlorination without noticeable 

formation of Skattebøl rearrangement products.27 The intermediate dichlorocyclopropene could 

be hydrolyzed in situ to generate the bench stable cyclopropenone 27. 

 Decarbonylation of 27 by exposure to 300 nm UV light in dilute dichloromethane 

proceeded smoothly to yield the dienyne 28. Initial attempts to oxidize 28 or to carry out a double 

elimination/isomerization sequence with tBuOK at room temperature led to material 

degradation. Decreasing the temperature eventually produced observable aromatic signals (> 7 

ppm). These were obtained alongside a major product in the 1H NMR spectrum that was 



identified as 29. It was presumed that the major product 29 was obtained by deprotonation of 

the allylic proton in 28 with a subsequent cyclopropane ring opening. Interestingly, the crude 

reaction mixture remained intact over several days and the aromatic signals that were produced 

persisted despite storage in CDCl3. Unfortunately however, only minute amounts of material 

could ever be obtained. Purification attempts were further complicated due to the unexpected 

extreme volatility of 7 and the surprisingly similar behaviour of the two products (7 and 29). The 

materials were observed to coelute in both normal and reverse phase chromatography and even 

co-distilled.28 Reverse phase HPLC showed peak resolution, but the small amounts of material 

and its high volatility would have rendered material recovery impractical. Eventually it was 

discovered that doping a PTLC plate with AgNO3 prior to development resulted in a separation 

that was sufficient to purify the materials.29 As the alkyne in 7 is heavily delocalized in the 

aromatic system, it presumably has a weaker affinity to the Ag+ dopant than the alkyne in the 

non-aromatic 29. Using this technique, the compound could be purified and fully characterized.  

Interestingly, despite the presence of only trace amounts of material it had a very distinct and 

pleasant smell. It is also notable that the product is remarkably stable, persisting in CDCl₃ for 

months at -20 °C and weeks at room temperature without noticeable degradation.  

 

 
Figure 5: top: experimental spectrum (1H-NMR) of the aromatic region of 
[10]annulene 7; bottom: simulated spectrum (1H-NMR) of the aromatic region of 
[10]annulene 7. 

 

The experimental 1H NMR spectrum of the purified [10]annulene 7 displayed four distinct 

signals, three of which appeared in the aromatic region between 7.6 and 8.2 ppm (Figure 5, 

top).30 The signals displayed the expected multiplicities with minor broadening. Second order 

effects and long-range couplings rendered experimental coupling constant extraction 



challenging, although a spectrum obtained with computed chemical shifts and coupling constants 

very closely matched the signals observed in the aromatic region (Figure 5, bottom).31 The close 

matching computed 1H-NMR spectrum obtained in the absence of rovibrational considerations 

suggests it is a highly rigid structure that maintains both planarity and aromaticity.32 This is in 

contrast to other larger aromatic structures such as [18]annulene, whose computed 1H-NMR 

spectrum can only be obtained after considering dynamic motion.14b Nucleus-independent 

chemical shift (NICS)33 computations show a highly aromatic system with NICS(1)iso = -12.0 and 

NICS(1)zz = -31.9 (benzene NICSiso = -10.6 and NICS(1)zz= -30.09). The uniformity of the 

magnetically induced current isosurface as calculated by the anisotropy of the induced ring 

current (AICD) method is also quite apparent (Figure 6).34 Additionally, all computed sp2-sp2 bond 

lengths fall between 1.37 Å and 1.41 Å, further corroborating the high degree of delocalization. 

Additional minima corresponding to a potential cumulenic structure could not be located, 

suggesting that the annulene exists as one fully delocalized minimum rather than two 

interconverting species. Indeed, natural resonance theory35 analysis shows dominant 

contributions from the cumulenic and alkynic valence bond structures with a slight preference 

for the latter.36 Interestingly, the presence of the cyclopropane ring appears to have no effect on 

the aromatic system,37 and induces only a limited amount of strain (see SI).38 This is consistent 

with the literature data on benzocyclopropenes where it has been shown repeatedly that such 

Mills-Nixon effects do not exist.39  

 

 
Figure 6: Anisotropy of the induced current density (AICD) map showing a 

homogenous ring current with an applied magnetic field. The magnetic field is 

perpendicular to the aromatic ring. 

 

 The quest to prepare an aromatic [10]annulene has been a long standing challenge for 

synthetic chemists. Here we show that it is possible to synthesize the first kinetically and 

thermodynamically stable all-cis [10]annulene structure by formally cyclopropanating the Myers 

1,6-didehydro[10]annulene (2), thus confirming our hypothesis. The planar [10]annulene 7 by all 

measures is highly aromatic and remains remarkably conjugated despite the presence of both an 

alkyne and cyclopropane ring. The successful synthesis also supports the indicated mechanism 

for endo-to-exo cyclopropene isomerization (Figure 2b)40 and shows the largely untapped 

potential of this transformation for generating strained systems. The transformation appears to 



have no dependence on aromaticity and may ultimately prove to be useful in the preparation of 

other annulenes.  

 

Associated Content 

Experimental procedures and characterization data are provided in the supporting information 

(SI). 
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